Introduction
Staff in the Mathematics Education Centre at Loughborough University have been involved in an initiative to introduce GeoGebra [1] to just over 200 students on the Science and Engineering Foundation Studies programme in the academic year 2008-9. Mathematics forms an important part (25%) of the programme for most of the students and their prior knowledge of mathematics is diverse. Some students' highest mathematics qualification is a GCSE, while others have taken A-level mathematics, but have not obtained combined grades high enough for entry to their chosen degree course. A significant part of the mathematics taught on the foundation programme requires students to manipulate algebraic expressions and to sketch functions. It was decided that GeoGebra would be an ideal tool to, amongst other things, help students link algebraic manipulations with the corresponding graphs and to enable students to see the effect of varying parameters. As noted by Sangwin [2] , "Although GeoGebra has been designed for education in secondary schools, it certainly has uses in Higher Education for demonstrations in lectures or for students to use in exploring functions, graphs and so on." (p.37)
Moreover it would allow students to become familiar with the type of mathematics software currently available. The fact that GeoGebra was free software and did not require a site licence was a major factor influencing the decision to undertake this project. Additionally, it was hoped that GeoGebra would be a motivating factor in the study of mathematics for these students, and would be a useful tool for them throughout their university studies. This article will describe the introduction of GeoGebra. It will then report on students' initial impressions and feedback from them at the end of the first term. Staff impressions will also be presented.
Practicalities
To implement GeoGebra with such a large group of students (200+) required many practical changes to be made to the running of the mathematics module, not least the booking of computer labs. Seven members of staff and two postgraduate students volunteered to be involved in the initiative. The initial phase ran in the first term of the academic year 2008-9. A detailed study of the module content identified 3 areas where GeoGebra would be helpful in aiding student understanding. It was therefore decided that GeoGebra tutorials would be scheduled in 4 weeks during the first term. The first session, in week 1, would be an introduction to GeoGebra. Later sessions were held David R. Green and Carol L. Robinson in weeks 3, 6 and 9 and focussed on functions, graphs and differentiation. Eight staff/postgraduate students worked in pairs and each pair prepared one of the four tutorials. They then met together to present the work to each other and to receive feedback and make modifications. At the start of term, students were divided into 7 classes of approximately 30 students and 2 tutors (from the staff and postgraduate students involved) were assigned to each 2 hour tutorial. These tutorials replaced the usual mathematics tutorials in the given weeks. Fig 1 shows a typical Geogebra session in week 1. It should be noted that the module lecturer, who delivered all the mathematics lectures and associated standard tutorials, was not one of the tutors involved in the project. Moreover, the decision was taken not to include any assessment of GeoGebra in the module, nor to use GeoGebra in the delivery of the mathematics lectures or tutorials. These factors may have had a bearing on the engagement of students with the initiative.
Students' first impressions of GeoGebra
The first of the four two-hour computer lab sessions was introductory. It was supported by a 17 page workbook covering tool boxes, the menu bar, algebraic input, f(x) notation, and comprised a number of tasks requiring geometric drawings and constructions. Also included was information on basic algebraic input and an activity using sliders. Almost all the material for this was obtained from the GeoGebra website.
The tutors demonstrated the basic GeoGebra operations on a large screen and then asked the students to work through the relevant section of the workbook. The tutors (one per 15 students) went round helping individuals, and occasionally asking individual students to show the group what they had achieved.
Bearing in mind the overall purpose of introducing GeoGebra was to support the mathematics being learned in semester 1, the emphasis on construction geometry in the first session might have been better reduced in favour of more on algebra and graphs.
At the end of the first session each attending student was asked to complete anonymously a questionnaire. The initial question was "What were your first impressions of GeoGebra?" The common responses made (N=155) are shown in Table 1 :
Positive comments N %
Easy to use / intuitive / user-friendly simple 52 34
Useful / makes maths easier 50 32
Amazing / impressive / interesting / fun / enjoyable 31 20
Good for graphs and geometric shapes / relationships 13 8
Visualises maths problems 7 5
Helps understand maths / help revision / help tutorials 5 3
Allows checking maths / solving maths problems 5 3
Technical merits of the software -layout, features 5 3
Negative comments N %
Looks complicated / complex / not intuitive / hard 11 7
Not useful / no advantage over paper 3 2
Tedious / boring / not interesting 3 2
It can be seen from Table 1 that the comments were overwhelmingly positive.
This was an open-ended question; if an explicit list of the above-mentioned features been presented for endorsement no doubt much higher response rates would have been achieved. Responses to further questions will be given later.
Remaining Sessions
Three other sessions were held. In each case the material was all specially written by tutors (two per session) and included problems from the module's worksheets linked to mathematics lectures. Tutors notes were also prepared which amplified or explained important points, and provided additional answers or suggestions. The sessions were:
Session 2: Equations and functions (week 3)
Investigating: linear, quadratic and cubic equations and functions. GeoGebra was mainly used to draw the graphs and find intersection points and angles between lines. GeoGebra was also used for checking results obtained by pencil-and-paper such as finding equations of curves passing through certain predetermined points. Introducing GeoGebra to foundation year students -David R. Green and Carol L. Robinson
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Session 3: Graphs of functions (week )
Plotting graphs of: a cubic, a piecewise function, trigonometric, exponential and logarithmic functions, inverses of functions and graphs over a finite range.
Creating interactive graphs utilising sliders.
Session 4: Differentiation (week 9)
Introduction to GeoGebra's dash notation and derivative command. Linking algebra and geometry for the first derivative of a quadratic. Tangents and normals. Second derivative and concavity. Local maxima and minima of polynomials and GeoGebra's Extremum function. Local maxima and minima for non-polynomials. Points of inflection.
An example, from one of the worksheets prepared by tutors, which involved tangents and normals to a given function, is shown in Fig 2. 
Student Feedback
Questionnaire
At the end of, or shortly after, the final GeoGebra session, the initial questionnaire was reissued in a slightly modified form. This allowed a comparison to be made of students' attitudes and thoughts at the beginning and the end of their GeoGebra experience. 155 students answered the first questionnaire and 111 the second. The Appendix details these students' prior qualifications. The students' initial impressions that GeoGebra could help with mathematics were strengthened and the view that it was easy to use held firm. Nevertheless, the quarter finding it not easy to use is significant. Negative Too slow / too long 16 29
More / better teaching needed 13 9
Too basic 6 5
Weak linkage to maths lectures 1 5
The students' views on the lab-based sessions themselves showed broad satisfaction. The main criticism was that a two-hour session was much too long.
QNS 3-6 were multiple choice. 1 -Not at all 1 9 +8
Although some decline between initial expectation and final judgment is shown here, the overall impression is that at least some help with understanding was derived. 1 -Not at all n/a 7
As no GeoGebra demonstrations or printouts were incorporated in the mathematics lectures and mathematics problem sheets, the GeoGebra tutors expected a pronounced negative response to this question. However, the students' view of GeoGebra's usefulness came up fairly well, probably because problems from the mathematics worksheet did feature in the GeoGebra worksheets (and this was made clear).
Focus groups
Small focus groups were held led by a member of staff who had no involvement with the sessions. In total 9 students attended. These were self-selecting (i.e. volunteers who had attended all or nearly all the sessions). All were pleased to have had the opportunity to learn to use GeoGebra. Most would not have used another package. Visualising mathematics was seen as the main way GeoGebra was helpful. Surprisingly, for a number the main benefit of the sessions was in having the opportunity to talk to a tutor and see pencil-and-paper algebraic manipulations underlying GeoGebra's geometry and algebra. The main weakness perceived by the students was that GeoGebra does not show any algebraic workings and, to a lesser extent, presents equations and some algebraic expressions in unusual ways.
Foundation Programme Staff-Student Liaison Committee
The GeoGebra sessions were discussed at a Staff-Student Liaison Committee and the minutes made available to the tutoring team. The general consensus was that 2-hour slots were too long (although the work provided could take that long):
"Once you are familiar with it you get bored."
The student representatives at the meeting were asked to canvas others. When they reported back the following note was added to the minutes:
"The general consensus was that it not a crucial part of the course, and although it explains some aspects of maths in a more understandable way, it is not a very useful tool in general."
Staff impressions
Staff completed a questionnaire at the end of the fourth tutorial in week 9. In addition, some staff recorded their impressions after each tutorial on an online blog.
Staff reported that those students who attended worked hard, but attendance dwindled as the term progressed. They speculated that one reason was that GeoGebra was not assessed. Staff noted that most students finished the work (or at least stopped working) within 90 minutes, and thought 1 to 1.5 hours per session would have been better, perhaps with more sessions. Some students had commented to staff that they had used GeoGebra outside of labs and it greatly helped understanding, and others had indicated the value of getting a visual image of functions. Introducing GeoGebra to foundation year students -David R. Green and Carol L. Robinson
It was felt that the material was at the right level for the majority of students. Students seemed engaged and challenged -they asked questions whenever they wanted or needed to. Nothing stood out as giving particular difficulty: although a few students found it easy, a few found it very difficult.
As the software is free students were able to download it to their own computers and some of those that did emphasised how it aided their understanding.
Significantly, there seemed to be no real evidence or feel for how the sessions contributed to the module as a whole.
There was the view that the GeoGebra work needed to be more integrated into the module.
With regards to GeoGebra itself the following table summarises staff views on strengths and weaknesses.
Strengths Weaknesses
Ease of use The last used process icon appears in the front view -so not the same each time you view it.
Reflection for inverses and symmetries
Staff generally agreed that it had been very valuable to work together: this included the initial team meeting, working with other colleagues to prepare material, being a team in the sessions, and having a follow-up debriefing session. Staff felt it was good for them to learn about GeoGebra and that it would be very useful tool for a mathematics lecturer for in-class demonstrations. They felt that they learned much about GeoGebra itself and what it offers, about GeoGebra as a pedagogic tool and about how to use GeoGebra in relation to a mathematics module. Some were less keen on GeoGebra per se as contrasted with other comparable packages.
Conclusions and future work
Many valuable lessons have been learnt from the introduction of GeoGebra to foundation year students.
Students and staff have appreciated the opportunity to learn a new software package. The opportunity to get a visual image of functions was particularly noted. The lack of any intermediate algebraic working (unlike for geometrical construction, for example) is a significant drawback. Staff were generally enthusiastic about GeoGebra, but indicated that there is scope for improvement. It seems uncertain that many students will turn to GeoGebra as a tool on their own.
The nature of the foundation programme means that quite a number of the students have unusual academic backgrounds and their qualifications are not always easily categorised. Also, some move out of the programme onto "Year One" programmes soon after arrival. Some arrive late.
The GeoGebra questionnaires were in general completed anonymously which created problems following up individual queries, and led to incomplete data in the tables below. The uncertain benefits proved a high price to pay and we would not go down that route again!
Total UCAS points on entry (where known)
Points range 
2.
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